Arsenic in Drinking Water 
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Arsenic in Drinking Water 


Part 1. Development of Drinking Water Regulations 
Part 2. Human Exposure and Health Effects 
Part 3. Occurrence of Arsenic iInU.S. Waters 
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Arsenic Species 


Arsenous Acid, H,AsO, aH + + AsO, 


Part 2: Human Exposure and Health Effects 


ar senicosis 


Organ System 
Skin 


Liver 


Nervous System 


Cardiovascular System 
Hemopoietic System 
Respiratory System 


Endocrine System 


Problems (after Dhaka [Bangladesh] 
Medical College, 1998) 


Symmetric hyperkeratosis of palms and soles, 
melanosis or depigmentation, Bowenss disease, 
basal cell carcinoma and squamous cell carcinoma. 


Enlargement, jaundice, cirrhosis, non-cirrhotic 
portal hypertension 


Peripheral neuropathy, hearing loss 
Acrocyanosis and Raynauds Phenomenon 
Megalobastosis 

Lung cancer 


Diabetes mellitus and goiter 


Linkage of Arsenic to Cancer 


2001: 


The Johns Hopkins University researchers 
report the exposure of cell line<Zo low levels of 
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arsenic trioxide results in a decrease in the 
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Lung and Bladder Cancer Risk 


Table 1: Theoretical Maximum Likelihood Estimates 


of Excess Lifetime Risk of Lung Cancer and Bladder Cancer 
for U.S. Populations Exposed at Various Concentrations of Arsenic 
in Drinking Water (Incidence per 10,000 people) 


Bladder Cancer Lung Cancer 
Arsenic, pg/L Females Males Females Males 


CCA-Treated Lumber 


By 2004, USEPA will 
not allow chromated 
copper arsenate 
(CCA) products for 
specified residential 
(Consumer) uses. 


Arsenic MCL 


1942: USPHS - 50 pg/l arsenic - cardiovascular damage 


1975: USEPA begins reevaluating 50 Apri vicl 
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Arsenic MCL 


1999: NRC - 50 pg/l needs lowering “as quickly as possible” 


2000 (June): 


a 


2000 (Dec): 


2001 (Mar): 


USEPA proposes a revised MCL of 5 pg/; 


__requests comments on 3, 10 and 20 pg/I 
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Clinton Aggainistration approves TO To/FMCL 


USEPA Admin. Christine Whitman withdraws MCL 
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USEPA Proposes 5 ug/!I MCL 


2000: 


USEPA considers 3 to 20 pg/l and proposes 
5 ug/l MCL for arsenic = 
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USEPA MCL Set at 10 ug/| 


2001 (January) 
Clinton administration approves recommended 
10 pg/l arsenic MCL beginning March, 2001; 


- same standard used by European Union =~ 
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New Administration Opposes MCL 


2001 (February) 


Congressional opposition voices outrage over 
hastily drawn, “midnight” regulation. 
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Mining and wood- ‘preserving industries initiate 
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USEPA MCL Withdrawn 


2001 (March) 


New USEPA Administrator withdraws 10 pg/I 
arsenic standard citing concern over costs 
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In Search of “Sound Science” 


2001 (April) 
USEPA reorganizes National Drinking Water 


Advisory Committee; asks pané€[to conducta — 
cost-benefit analysis 
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From the Frying Pan... 


2001 (September) 
NAS-NRC releases updated arsenic risk report: 


risks of bladder and lung cancé«from arsenic in 
drinking water were previously underestimated 
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Back to Square 10 


2001 (October) 


= 
USEPA Administrator rescinds March decision; 
embraces 10 yg/I MCL > - 
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Part 3: Occurrence of nS in U.S. Waters 


MW) Generally highest arsenic concentrations 

ae 

Mewall ° Generally lowest arsenic concentrations 
eae ___} Insufficient data 


Utilities Affected 


5,125 groundwater systems < 10,000 


75% already have treatment 


= 
180 groundwater systems > 10,000 
— 


Primarily western r 
New Mexico, Nevada, California, Utah, Eiatvey Oregon 


Midwest: —— = 
Nebraska, Illinois, indianar Michigan fait 
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Arsenic, pg/I 
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Array of Arsenic Concentrations in 87 Missouri Drinking Water Supplies (after NRDC - 2001) 
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Missouri Drinking Water Supplies 


Arsenic, yg/| 
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Array of Arsenic Concentrations in 56 Central Illinois Well Water Samples (ISWS Contract Report 579 
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Central Illinois Well Water Samples 


Arsenic, pg/I 
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Array of Arsenic Concentrations in 347 Illinois Drinking Water Supplies (after NRDC - 2001) 
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151 201 251 


Illinois Drinking Water Supplies 


Arsenic, pg/I 
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Array of Arsenic Concentrations in 886 California Drinking Water Supplies (after NRDC - 2001) 
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California Drinking Water Supplies 


Array of Arsenic Concentrations in 597 Kansas Drinking Water Supplies (after NRDC 2000) 
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Kansas Drinking Water Supplies 


Arsenic, pg/I| 


Array of Arsenic Concentrations in 155 New Hampshire Drinking Water Supplies (after NRDC - 20 
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51 101 151 
New Hampshire Drinking Water Supplies 


Arsenic, pg/| 
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Array of Arsenic Concentrations in 155 Nevada Drinking Water Supplies (after NRDC - 2001) 
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Nevada Drinking Water Supplies 
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Array of Arsenic Concentrations in 155 Nevada Drinking Water Supplies (after NRDC - 2001) 
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Nevada Drinking Water Supplies 


Array of Arsenic Concentrations in 503 New Mexico Drinking Water Supplies (after NRDC - 2001) 
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New Mexico Drinking Water Supplies 
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Part 4: Arsenic Removal Methods 


Arsenic Removal Technologies 
(as confounded by USEPA) 


Precipitative Processes 
Coagulation/Filtration, a.k.a. Membrane (Processes 
lron/Manganese Oxidation 


Microfiltration 
Coagulation- Assisted Microfiltration \yu4 titration 
Enhanced Coagulation 


Nanofiltreation 
ul Het softening Reverse Osmosis 
‘=téctrodialysis Reversal 


Technologies — 
Oxidation Filtration. 
_Sulfur-Modified Iron 
Granular Car ic 


~ fron Filings PG 
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Adsorptive Processes 
Activated Alumina 


Iron Oxide-Coated Sand 
lon Exchange 
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USEPA-Designated 


Best Available Treatment Processes 


Conventional Treatment 
Aeration / Filtration Adsorption on Fe, Mn Oxides 
Coagulation/Filtration Adsorption on Aluminum Oxides 
Lime Softening Adsorption on Fe, Al; Mg-Oxides 
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Arsenic Removal by Coagulation and Filtration 
(Gulledge and O'Connor, J.AWWA, 1973; 65, 8, 548) 
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Removal of Fe, Mn from Groundwater: 
Aeration, KMnO4, Greensand Filters 
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Filter #1 Filter #2 Filter #3 
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Arseni ter Backwash 
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POE / POU Treatment Devices 


Utilities would: 
own, operate and maintain the POE/POU devices; 


ensure compliance with the MCLs; 


seek revisions to a spegelig be di i ear 
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USEPA Places Limitations 
on Small Communities 


Coagulation / filtration, lime softening, 
reverse osmosis and electrodialysis reversal 
are not designated as BAT for systems 
with fewer than 500 service connections. ~~ 


Proprietary Media for Arsenic 
‘Package plants’ with proprietary media: 


Filtronics “Electromedia”™ 
media backwashed and€ontinually reused 
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Arsenic Removal Costs 
USEPA estimated costs to meet 10 ug/I MCL 


Capital Cost: $900 million” 
Annual O&M: $118 million 
Annual Monitoring & Administrati@a: $2.7 million - 
feats pad MLCT Billincrease: — 
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Arsenic in Drinking Water 


New Arsenic MCL: 10 pg/I 
Compliance Date: January 23, 2006 


Potential Health Effects: Skin damage; diabetes; problems with 


See 
(O circulatory systems; possible increased risk of lung/bladder cancer 


Sources of Arsenic in Drinking Water: Mie, erosion of.natural — 
deposits; leaching of CCA-treated lumber; runoff from orchards; 
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Arsenic trom D 


Dr. John T. O'Connor, PE 


ia, 

woo ens engineering 2401 Ta 9401 Tahoe Court Columb 
+20C 

20°C 


LS 


= 


877-22-WATER a 
= Ea... —— ee 
a ENGINEERING 
— — 


573-446-5595 
john@h2oc.com 


